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(w) Preparation of acids and esters. 

@ Propylene and ethylene may be carbonytated to form 
carboxylic acid esters or carboxylic acids in the presence of a 
catalyst complex containing 1 mole of BF 3 and 1 mole of a 
second complexing component The carboxylic acid product 
or acid portion of the ester product has one more carbon 
atom than the olefin reacted. In the case of the formation of 
the ester, the second complexing component is an alcohol, 
while in the case of the preparation of carboxylic acid, the 
second complexing component is water. The reaction pro- 
duct may be dehydrogenated to a corresponding unsatu- 
rated carboxylic acid or unsaturated carboxylic acid ester. 
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PKEPARATION OF ACIDS AND ESTERS 

This invention relates to a method of preparing low molecular 
weight saturated carboxylic acids and esters thereof from lower 
olefins, particularly ethylene and propylene, by carbonylation with 
5 carbon monoxide and a catalyst complex of BF 3 and a second compo- 
nent. The second component is water where the end product is a 
carboxylic acid, and an alcohol where the end product is a carbox- 
ylic acid ester. These catalysts are stable complexes having speci- 
fic physical properties. They exist as liquids at room temperature 
10 and therefore can be conveniently used as the reaction solvent. 

The active catalyst complex is formed by the addition of one 
mole of BFg to one mole of the second component. The reaction 
takes place in the liquid catalyst solution through which gaseous 
carbon monoxide and the olefin are passed. The reaction conditions 
15 are moderate and a high yield of the acid or the ester, as the case 
may be, is obtained. The acid product or the carboxylic acid 
portion of the ester product has one more carbon atom than the 
initial olefin. Substantially no polymerization of the olefin occurs. 
The saturated carboxylic acid ester product may be readily dehy- 
20 drogenated to form an unsaturated carboxylic acid ester, e.g., 
methyl isobutyrate obtained from the carbonylation of propylene may 
be dehydrogenated to form methyl methacrylate. 

Alternatively, the propylene may be carbonylated to form 
isobutyric acid which may thereafter be dehydrogenated to meth- 
25 acrylic acid. 
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A second embodiment of the invention relates to the recovery 
and recycle of the BF^ alcohol catalyst in a convenient and econo- 
mical manner. In this embodiment, after the carbonylation the 
reaction mass consisting of the carboxylic acid ester, the alcohol, 
5 and the BFg in a molar ratio of 1:1:2 is subjected to a distillation 
step wherein one-half of the BF 3 is removed as a distillate fraction. 
The bottoms product from this step consists of the same components 
in a molar ratio of 1:1:1. This mixture is then further distilled 
after sufficient additional alcohol is added to form a low boiling 
10 azeotrope with all of the carboxylic acid ester. This azeotrope is 
recovered as an overhead product. The residue material remaining 

is a BF 3 /alcohol 1:2 complex. This material may be easily reconsti- 
tuted to form the 1:1 complex catalyst by the addition of free BF 3 , 
the latter of which may be that initially separated from the reaction 
15 mass. 

In the present invention, gaseous feedstocks consisting of 
either propylene or ethylene and carbon monoxide are used. The 
olefins may be obtained from any source, most generally from steam 
cracking of hydrocarbons . 

20 The carbon monoxide employed should have a purity of at least 

99%, though mixtures of carbon monoxide and other inert gases, 
such as carbon dioxide, may be used. 

It is preferred that the olefin and carbon monoxide be of high 
purity since this will simplify product recovery and minimize losses 

25 in purge streams required to remove inerts from the reaction sys- 
tem. 

The reaction may be carried out at temperatures of from 0°C 
to 100°C, preferably from 20°C to 60°C. The temperatures should 
be kept at moderate levels throughout the process because high 
30 temperatures could result in the formation of by-products, especi- 
ally heavier esters. 

In the carbonylation reaction of the invention, one mole of 
carbon monoxide reacts with each mole of olefin. This is known as 
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the external reactant ratio. On the other hand, it is desirable to 
- maintain e n large molar excess of carbon monoxide in the vapor 
phase in order to suppress undesirable side reactions. This ratio 
(known as the internal carbon monoxide to olefin molar ratio) is 
5 controlled by the system pressure, degree of agitation, and purge 
rate and is broadly at least 5:1, preferably at least 8:1. As a 
practical matter, ratios of not more than 1000:1, preferably not 
more than 100:1, are used. 

In view of the foregoing, it will be understood that in a 
10 batchwise process and during the start-up of a continuous process 
a large molar excess of the carbon monoxide is fed. However, in 
the' continuous process, once steady state conditions are achieved, 
only about one mole of carbon monoxide is fed to the reactor for 
each mole of olefin . 

15 The reaction pressure, while not critical, is generally of from 
10 to 300 atmospheres, most preferably from 30 to 100. While 
higher pressures are not detrimental and in some instances actually 
favor selectivity to the desired products, again practical considera- 
tions such as equipment design and safety factors favor the use of 
20 the pressure ranges set forth above. 

The selection of the appropriate catalyst complex is an essen- 
tial feature of the invention. As pointed out previously, in the 
prior art the most commonly used catalyst complex contains one mole 
of BF 3 for each two moles of water or alcohol. In contrast, the 
25 catalyst complex used in the instant invention contains equal molar 
amounts of BFg and the water or alcohol (hereinafter the "second 
component"). These catalysts are stable complexes having specific 
physical properties. They exist as liquids at room temperature and 
therefore can be conveniently used ae» the reaction solvent. 
30 While it is understood that the 1:1 molar ratio catalyst is the 

active constituent in the instant invention, the catalyst may be 
prepared using ratios of from about 0.75 to 10 moles of BF 3 for 
each mole of the second component, preferably from .75 to 2 moles 
per mole. It will be understood that, when less than one mole of 
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the BF 3 is utilized with, say, methanol, the catalyst is a mixture of 
BF 3 "ck-OH and BF 3 *2CH 3 OH. This latter compound is also a 
stable complex; however, in contrast to the 1:1 molar ratio catalyst, 
it is non-selective to the desired product and of relatively low 
5 activity. Accordingly, a substantial amount of such complex is 
undesirable. 

On the other hand, where the molar ratio is in excess of 1:1, 
the 1:1 catalyst complex (e.g., BF 3 *CH 3 OH) is in admixture with 
uncomplexed BFy Since excess BF 3 is not catalytically active for 
10 the desired acid or ester, sizeable excesses are of little advantage. 

As noted above, in performing the process of the invention it 
is advantageous to use the catalyst as the reaction medium. Other 
organic constituents may be present, so long as they do not inter- 
fere with the carbonylation . The reaction period is not critical, but 
15 should be selected so as to achieve acceptable conversions without 
unduly lengthening the process cycle. As a practical matter, the 
\ reaction period ranges from about 10 minutes to 3 hours . 

Wherein the end product sought to be obtained is the carbox- 
ylic acid, the second component is water. On the other hand, 
20 wherein the carboxylic acid ester is sought, the second component 
is an alcohol. Generally, the lower alkyi alcohols having from 1 to 
4 carbon atoms are preferred. These include methanol, ethanol, 
propanol, isopropanol and n-butanol and its isomers. Additionally, 
other alcohols can be used. These include alkyl alcohols having 
25 from 5 to 12 carbon atoms and aralkyl alcohols such as benzyl 
alcohol, alpha-phenethyl alcohol and beta-phenethyl alcohol. Metha- 
nol is the most useful. 

In addition, it has been found that other catalyst additives 
such as hydrogen fluoride, sulphuric acid, and phosphoric acid, 
39 are not necessary for the synthesis of the desired products. 

The catalyst recovery embodiment of the invention may be 
described using the preparation of methyl isobutyrate as an exam- 
ple. Initially, the carbonylation is conducted until one-half of the 
methanol is consumed in the formation of the methyl isobutyrate 
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product. The resulting product mixture has a composition consist- 
ing of methyl isobutyrate, methanol and BF 3 in a molar ratio of 
1:1:2. 

This reaction mass is stripped in a countercurrent contacting 
5 tower to separate half the BF 3 contained therein as a vapor over- 
head product and to produce a residue product containing equimolar 
amounts of methyl isobutyrate, methanol and BF 3 (hereinafter the 
"1:1:1 complex"). Operating conditions for this step depend on the 
vapor-liquid equilibria for the system and can be varied over a 

10 wide range of temperatures and pressures. The separation is con- 
veniently done at ambient pressure and at approximately 85°C, the 
boiling point of the 1:1:1 complex. Under these conditions, the 
stripping action is provided by the boiling 1:1:1 complex vapors 
which are generated in the bottom of the stripping column. These 

15 vapors flow countercurrently to the reaction mixture feed which is 
fed at the top of the column. Alternatively, the column can be 
operated at a temperature and pressure wherein the 1:1:1 complex 
does not boil by using an inert stripping gas, e.g., nitrogen, 
introduced at the bottom of the column. Generally, it is preferred 

20 to maintain the column temperature below 100°C to minimize by- 
product formation. 

After the separation of the BF^, the residue contained equi- 
molar quantities of BF 3 , methanol and the methyl isobutyrate. The 
methyl isobutyrate and the BF 3 contained in this residue from the 

25 stripping step cannot readily be recovered by means known to the 
art without destroying the catalyst complex. For example, BF 3 or 
the organic components cannot be preferentially stripped from this 
complex, nor are there any known extraction techniques which will 
preferentially extract the BF 3 or the organic components. Methods 

39 known to the art for making the separation involve reaction of the 
BF 3 with another component, e.g., water or sodium chloride. In 
the first case hydrolysis of the BF 3 occurs with release of the 
organic components. In the second case a BF^/sodium chloride 
compound is formed with release of the organic components. How- 

35 ever, these is no known practical method for recovering the BF 3 
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from the BF 3 hydrolysis compounds or the BFg/sodium chloride 
compound. 

In accordance with the invention, to separate the desired 
components, methanol is added to the 1:1:1 complex, preferably in 
5 a distillation zone. The amount of methanol added corresponds to 
at least that required to produce a methyl isobutyrate/methanol 
azeotrope as an overhead product and a bottoms product consisting 
of a complex of BF 3 /CH 3 OH in 1:2 molar ratio. The composition of 
this azeotrope, at an atmospheric pressure, is 75 weight percent 

10 methanol, 25 weight percent methyl isobutyrate. This is equivalent 
to a methanol/methyl isobutyrate molar ratio of 9.56. Thus, if the 
distillation is conducted at ambient pressure at least 10.56 additional 
moles of methanol must be added to the distillation zone. Technically 
there is no upper limit to the amount of methanol that can be 

15 added. The amount that is added is dictated by the design of the 
distillation equipment wherein energy requirements are balanced 
against equipment costs . 

The separation is conveniently carried out in a conventional 
continuous distillation column containing trays or packing. The 

20 1:1:1 complex is generally fed near the middle of the column with 
the methanol added above this feed point. The distillate fraction 
from this column is a low boiling methanol/methyl isobutyrate azeo- 
trope and any additional uncomplexed methanol. The bottoms pro- 
duct is a Br 3 /methanol complex in 1:2 molar ratio. Operating 

?F temperatures and pressures for the column are a function of the 
vapor pressure-temperature curve for the complex since this is the 
materia] boiling in the reboiler. Typical pressure-temperature data 
is given below: 

Temperature, °C Vapor Pressure, mm Hg 

30 57 4 

130 100 
200 760 
Preferred operating temperatures are from 50 to 200°C. These 
temperatures minimize side reactions which can lead to yield losses 
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and complicate subsequent purification steps. 

The BF^/methanol 1:2 bottoms product from the column is 
combined preferably with the BF 3 originally separated from the 
reaction mass and reused in the carbonylation. If necessary, of 
5 course, makeup material may be added to this stream. 

The methyl isobutyrate and methanol may be separated by any 
conventional means. In one particular technique, azeotropic distil- 
lation is used wherein a liquid paraffin, preferably having a boiling 
point of 30°C to 150°C, is added to form a low boiling azeotrope 

10 with the methanol. The ambient pressure boiling point of the 
octane/methanol azeotrope is approximately 65°C, while the methyl 
isobutyrate has an ambient pressure boiling point of approximately 
90°C. The azeotrope is removed overhead and condensed. This 
condensate is then mixed with water in a separate vessel wherein an 

15 aqueous methanol phase and a paraffin phase, essentially free of 
methanol, are formed* The organic phase is recycled to the azeo- 
tropic distillation column. The aqueous methanol phase is then 
further distilled to recover methanol as an overhead product for 
recycle to the aforementioned CHgOH/methyl isobutyrate column . 

20 The products of the carbonylation may be dehydrogenated by 

several known procedures such as described in Japan Kokai 78 
82,720 or Japan 73 19,614 where these carbonylation products 
(methyl isobutyrate or isobutyric acid) are oxidatively dehydroge- 
nated at 300°C and 1 atm. pressure with oxygen-containing gases 

25 over catalysts composed of mixed metal oxides, the major component 
being molybenum oxide. In U.S. Patent 3,721,705, isobutyric acid 

or methyl isobuLyratc is oxidatively dehydrogenated at 500°C in the 
presence of sulfur. In British Patent 1,141,625, a dehydrogenation 
is carried out without added oxidizing agents over alumina catalysts 
30 at 600°C and reduced pressure. 

To illustrate more fully the instant invention, attention is 
directed toward the following examples: 

Example 1 

To a 600 ml. stirred autoclave at 20° C. is added 100 g. of a 
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BF 3 *CH 3 OH catalyst. A 9:1 carbon monoxide/propylene mixture is 
added to the autoclave at 60 atm. The mixture is heated to 50° C. 
and held at this temperature for one hour. A sample taken from 
the autoclave is analyzed by gas-liquid chromatography. All of the 
5 propylene is converted and the selectivity to methyl isobutyrate is 
94%. The autoclave is cooled, depressurized, and then repres- 
surized again to 60 atm. with the 9:1 gas mixture. This procedure 
is repeated several times until about 50% of the methanol in the 
catalyst reacts. The mixture remaining in the autoclave is again 
10 analyzed and found to be approximately a 2:1:1 mixture of boron 
trifluoride/methanol/methyl isobutyrate (about 38 wt. % isobutyrate) . 
The selectivity to the methyl isobutyrate is 88%. 

The catalyst recovery embodiment of the subject invention is 
illustrated by treating the reaction mass in accordance with the 
15 following sequence: The reaction mixture is introduced into a distil- 
lation flask wherein the liberated BFg is removed overhead at a 
r temperature of 60° C. and a pressure of 100 mm Hg. This BFg is 

recycled to the autoclave for reuse as hereinafter described . 

This leaves in the distillation flask a solution containing a 
20 1:1:1 ratio BFg/methanol/methyl isobutyrate complex. To this, 
sufficient methanol is added to convert the solution to a 1:10:1 
molar ratio. The resulting solution is distilled at a pressure of 
10 mm Hg until the overhead temperature reaches 80°C to separate 
a methyl isobutyrate/methanol azeotrope. Continued distillation at 
25 80° C. removes additional methanol. Analysis of the materials 
remaining in the distillation flask shows the presence of a 1:2 
BF 3 /methanol complex. This latter complex is recycled to the car- 
bonylation reactor with the BFg initially stripped from the distilla- 
tion flask. 

30 Octane is added to the methyl isobutyrate/methanol solution 

and a low boiling azeotrope of methanol and octane is distilled 
overhead. The residue is methyl isobutyrate. It may be dehydro- 
genated to form methyl methacrylate. 

The methyl isobutyrate thus obtained is dehydrogenated to 
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form methyl methacrylate in accordance with the following proce- 
dure: 

Methyl isobutyrate, oxygen, steam and nitrogen in a molar 
ratio of 3:4:4:89 are fed into a reactor containing a catalyst consist- 
5 ing of molybdenum, vanadium and phosphorous oxides in an atomic 
ratio of Mo: V:P of 12:2:1. The temperature is maintained at 300°C 
with a residence time of 1 second. Under these conditions 90% of 
the feed methyl isobutyrate is converted to methyl methacrylate and 
methacrylic acid with a combined selectivity of 75%. The methacrylic 

10 acid is then esterified to methyl methacrylate. 

A direct method of recovering the catalyst components has 
been attempted but not found successful. For example, a molar 
excess of sodium chloride was added to the admixture of BF / 
methanol/methyl isobutyrate 1:1:1 complex in an attempt to fornA 

15 complex of the BF 3 with the sodium chloride and separate the 
complex. In this procedure, from the mixture thus formed the 
methyl isobutyrate and methanol were easily separated by distilla- 
tion. However, the BFg/sodium chloride complex salt, even after 
heating to 400° C, did not completely break down into its compo- 

20 nent salts. Analysis of the BF 3 thus recovered indicates that only 
50% of the initial BF 3 present was recovered. 

Still another approach to separating the 1:1:1 complex was to 
use n-heptane to selectively extract the methyl isobutyrate. Only 
about 10% of the methyl isobutyrate was extracted into the heptane 

25 after extraction with one volume of the heptane for two volumes of 
the complex. 

In still another approach, an admixture of BF 3 /methanol/ 
methyl isobutyrate in a molar ratio of 1:1:0.5 was introduced to the 
top of a countercurrent stripping column while nitrogen was passed 
30 through the bottom of the column under atmospheric pressure at a 
temperature of 80° C. The effort to preferentially strip the BF 3 
was unsuccessful. Analysis showed that no BF 3 was removed by 
this technique. 
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Example 2 

In this example, 100 g. of a BF 3 'H 2 0 complex is added to a 
600 ml. stirred autoclave and maintained at 20° C. A 9:1 carbon 
monoxide/propylene gas mixture is added at 60 atms. After addition 

5 of this mixture, the autoclave is heated to 50° C. and maintained at 
this temperature for one hour. The autoclave is cooled, depress 
surized and repressurized three times. Analysis by gas-liquid 
chromatography indicates that the autoclave contents consist of 25% 
by weight isobutyric acid. The selectivity to isobutyric acid is 

10 98%. 

Example 3 

In this example, 90 g. of a BF 3 'CH 3 OH complex is added to a 
600 ml. autoclave and maintained at 20°C. A 9:1 carbon monoxide/ 
ethylene gas mixture is added at 68 atms. After addition of this 

15 mixture, the autoclave is heated to 50°C and maintained at this 
temperature for three hours. The autoclave is cooled and depres- 
surized. Analysis by gas-liquid chromatography indicates that the 
autoclave contents consist of 1 to 2% by weight methyl propionate 
plus 2 to 3% by weight of heavier materials. The selectivity to 

20 methyl propionate is about 25%. Under the conditions of the oxida- 
tive dehydrogenation described in Example 1, methyl propionate 
gives a combined selectivity of 75% to methyl acrylate and acrylic 
acid. 

Example 4 

25 Under conditions similar to Example 3. except that 2BF 3 - 
CH 3 OH.H 2 0 is the catalyst, ethylene is carbonylated to produce 
propionic acid in 25% selectivity. Propionic acid is dehydrogenated 
in accordance with dehydrogenation conditions of Example 1 and 
gives acrylic acid in 80% selectivity. 

30 Example 5 

Under the conditions of Example 1, except that BF 3 *i-C 3 H ? OH 
is the catalyst, propylene is carbonylated to give isopropyl isobuty- 
rate in 90% selectivity. 

Comparative Example I 

35 The procedure of Example 1 is repeated, except that 100 g. of 
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BF 3 *2CH 3 OH is employed. Only 10 to 20% of the propylene is 
converted in one hour. The only product produced is isopropyl 

methyl ether. This clearly shows the criticality of the ratio of the 
BF 3 to secon d component of the catalyst. 
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Claims : 

1. A process for the carbonylation of an olefin 
selected^efnylene and propylene characterised in that 
said olefin with carbon monoxide in the presence of a 
catalyst containing equimolar amounts of BF 3 and a 
second component, wherein such second component is 
either water or an alcohol, at a temperature of from 
0°C to 100°C, whereby the product obtained is a 
carboxylic acid containing one more carbon atom 
than the olefin employed, when the second component in 
said catalyst is water, or a carboxylate ester wherein 
the carboxylate group has one more carbon atoir than 
the olefin employed, when the second component of the 
catalyst is an alcohol. 

2. A process according to claim 1 characterised 
in that the catalyst is BF^O and the product obtained 
is methacrylic acid where the olefin is propylene or 
where the olefin is ethylene. 

3. A process according to claim 1 characterised 
in that the second component is an alcohol, the 
reaction is carried out until about 50% of the alcohol 
in said catalyst is consumed to form a carboxylic acid 
ester and liberate .free BF 3 ; sufficient BF 3 is 
separated from.the reaction mass to leave a first 
residue containing equimolar amounts of the BF 3# the 
alcohol and the carboxylic acid ester; the first 
residue is admixed with additional alcohol; thereafter 
said admixture is distilled to separate overhead an 
azeotrope of said alcohol and said carboxylic acid 
ester and additional uncomplexed alcohol until a second 
residue containing BF 3 to alcohol in a molar ratio of 
1:2 remains; and thereafter said second residue is 
combined with additional BF 3 to form the catalyst 
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complex. 

4. A process according to claim 3 characterised 
in that the additional BF^ added to the second residue 
is that BP 3 initially removed from the reaction mass. 

5. A process according to claim 3 or claim 4 
characterised in that the carboxylic acid ester and 
alcohol stream is combined with an azeotroping solvent 
and said combination is subjected to further 
distillation wherein a low boiling azeotrope comprised 
of solvent and alcohol is removed from the carboxylic 
acid ester. 

6. A process according to any one of claims 3 to 
5 characterised, in that the azeotroping solvent is a 
paraffin having a boiling point of from 30°C to 150°C. 

7. A process according to claim 6 characterised 
in that the paraffin is octane. 

8. A process according to any of claims 3 to 7 
characterised in that the catalyst is BF 3 .CH 3 OH, and 
the product obtained is methyl isobutyrate, where the 
olefin is propylene, or methyl propionate, where the 
olefin is ethylene. 

.9. A process according to any of the preceding 
claims characterised in that the catalyst is BE^O or 
BF3.CH3OH, the reaction takes place in the catalyst and 
the catalyst is formed by reaction of from .75 to 2 
moles of BF 3 with one mole of H 2 0 or CH 3 OH. 

10. A process according to any of the preceding 
claims characterised in that the carbonylation reaction 
product is dehydrogenated to a corresponding unsaturated 
carboyxlic acid or unsaturated carboxylic acid ester 
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